In schizophrenia, diminished vocal expressivity is associated with lower quality of life. Studies using computerized acoustic analysis of speech have found no evidence of diminished vocal prosody related to categorically-defined schizotypy, a subclinical analog of schizophrenia. However, existing studies have not examined the interaction between schizotypy and sex with vocal prosody measures. The current study examined 44 young adults (50% male) who were recruited to represent a continuous range of schizotypy. Speech samples were digitally recorded during autobiographical narratives and analyzed for prosody. In male participants, variability of fundamental frequency and variability of intensity were each negatively related to Schizotypal Personality Questionnaire (SPQ) Ideas of Reference subscale, while SPQ Suspiciousness was related to a greater number of utterances, and SPQ Odd Behavior was related to a greater number of pauses. As the relationships were restricted to males, and not significant in females, results may explain earlier negative findings with schizotypy.
Introduction
The negative symptoms of schizophrenia are related to a wide range of adverse outcomes, including lower subjective psychological well-being (Strauss et al., 2012b) , reduced likelihood of illness remission (Diaz et al., 2013) , and impairments in social and vocational functioning (Strauss et al., 2012a; Tsang et al., 2010) . As compared to positive symptoms, the negative symptoms remain relatively resistant to current forms of treatment for schizophrenia (Moller, 2012) . A better understanding of negative symptoms will improve empirical and clinical assessments techniques and guide new treatment development.
Replicated evidence supports a two-factor structure of negative symptoms that separates this category into diminished expressivity (e.g., flattened affect, blunted musculature response to affective stimuli) and asociality (e.g., social withdrawal, social avolition) domains that are likely related to different underlying neural dysfunction (Blanchard and Cohen, 2006; Liemburg et al., 2013) . Diminished expressivity (i.e., flattened affect) is associated with a lower quality of life and worse outcome (Gur et al., 2006; Hoekert et al., 2007) . Much of the research regarding flattened affect in schizophrenia has focused on reduced facial musculature response to emotionally-valenced stimuli (Kring & Moran, 2008) . However, the diminished expressivity domain encompasses a broader range of emotion expression that includes affective, linguistic, and paralinguistic indicators (Messinger, 2011) . In particular, diminished vocal communication has been reported in a subset of individuals with schizophrenia (for meta-analysis, see: Hoekert et al., 2007) , and there is evidence that this involves separate channels of speech production (i.e., alogia) and speech variability (i.e., flattened vocal affect; Blanchard and Cohen, 2006) . However, much of this early work relied on subjective ratings of prosody. A more objective method involves employing computerized analysis of behavior, for example, though acoustic analysis of natural speech to understand pause and utterance length, and variability in amplitude and fundamental frequency (i.e., "pitch"). Using this technique, diminished vocal prosody in schizophrenia has been associated with basic neurocognitive abnormalities (Cohen et al., 2013a) and poor social functioning (Cohen et al., 2012b) . Not surprisingly, acoustic-based measures of speech have been associated with clinically-rated negative symptoms (Cohen et al., 2013a) , though associations with other symptoms have been inconsistent.
Schizophrenia appears to exist on a spectrum that begins with normality, proceeds towards schizotypy (a latent personality construct related to schizophrenia), then schizotypal personality disorder (SPD), and ends with the more impairing disorders of schizoaffective disorder and schizophrenia (Asai et al., 2011; Esterberg et al., 2009 ). The study of schizotypy provides an analog for examining neurocognitive aspects of schizophrenia in the relative absence of confounds such as unrelated illness consequences (e.g., hospitalization) and pharmacological interventions (Cochrane et al., 2012) . However, variability in the measurement of schizotypy poses a problem in this area of research, as particular self-report measures of schizotypal traits emphasize different symptoms. For instance, while the Schizotypal Personality Questionnaire (SPQ; Raine, 1991) does not have a significant emphasis on the subjective experience of anhedonia (particularly in non-social domains), the Chapman Scales of Psychosis Proneness (Chapman et al., 1995) include both physical and social anhedonia scales, but do not capture all components of the SPQ. However, both of these instruments are typically used in isolation. While each measure offers an efficient and effective tool for identifying individuals with schizotypal traits, each only represents a portion of the full theoretical symptom profile.
Similar to schizophrenia, individuals with schizotypy tend to display limited affective expression, although findings are mixed. Studies that have defined schizotypy through social anhedonia measures found reduced behavioral ratings of facial expressivity (Collins et al., 2005; Kring et al., 1994; Leung et al., 2010) and verbal expressivity (Collins et al., 2005) . In contrast, one recent SPQ study using computerized facial expression analysis did not find a relationship between facial expressivity and schizotypy (Cohen et al., 2013b) , although some facial abnormalities were associated with severity of psychotic experiences more generally. Similarly, three studies that used computerized prosodic analysis of speech in SPQ-defined schizotypy did not find an overall group deficit in prosody during conditions which allowed for self-directed speech without additional cognitive demands (Cohen et al., 2009; Cohen et al., 2011; Cohen et al., 2012a) . Only one of these three studies examined correlations between the speech variables and dimensional symptom ratings of schizotypy under a relatively natural speaking condition (Cohen et al., 2011) . This study found that higher scores on Ideas of Reference, Unusual Perceptual Experiences, and Suspiciousness subscales of the SPQ related to greater overall speech output in reaction to stimuli, while the SPQ subscale of Constricted Affect showed a negative relationship with speech inflection (i.e., variability in intonation). In addition, a recent study reported reduced variability in intonation during self-generated speech in individuals formally diagnosed with SPD, which has similar features as schizotypy but adds the requirement of a clinical level of functional impairment or distress (Dickey et al., 2012) .
Notably, the studies examining prosody differences in samples of individuals with schizotypy and SPD did not examine potential interactions of sex. Examining this interaction is important for several reasons. First, sex differences have been reported in the symptomology of schizotypy, with males reporting more negative traits, and females reporting more positive traits (Bora et al., 2009; Fonseca-Pedrero et al., 2012; Miller et al., 1995; Raine, 1992) . In addition, there have been several reports of schizotypy by sex interactions on a variety of other neurocognitive measures (Bedwell et al., 2011; Johnston et al., 2008; Sumich et al., 2008) . Finally, there is evidence that within individuals with schizophrenia, males are more likely to show flat affect (Gur et al., 2006) . Therefore, a potential schizotypy by sex interaction may account for the lack of group differences in speech prosody reported with samples of individuals with schizotypy (Cohen et al., 2009; Cohen et al., 2011; Cohen et al., 2012a) .
The aims of this study were to examine the relationship between a broad range of dimensional symptoms of schizotypy (assessed by three scales of schizotypy), sex, and the interactions with computerized prosodic analysis of speech samples. As schizotypy provides insight into the neurocognitive functioning of schizophrenia without many of the related confounds, this study aimed to inform assessment efforts and understanding of the underlying mechanisms in schizophrenia-spectrum disorders. Given the finding that flat affect may be more common in males with schizophrenia (Gur et al., 2006) , we hypothesized that statistically significant relationships between speech variables and features of schizotypy would be limited to the male participants. As flat affect is less common in females with schizophrenia, and in females in general, we hypothesized that this would translate to a weaker relationship between prosody and the related construct of schizotypy, which was not expected to reach statistical significance. The examination of specific dimensional symptoms of schizotypy in relation to the speech variables was largely exploratory, given the paucity of research that has examined symptoms at the level of specificity present in this study. However, based on this limited research, we hypothesized that the number of utterances and variability in both volume (i.e., intensity) and pitch (i.e., prosody) would be negatively correlated with one or more subscales reflecting negative schizotypy, particularly the Constricted Affect subscale. We also included an exploratory analysis of how performance on measures of verbal declarative memory and verbal and visual working memory related to the speech measures. These neurocognitive measures were available from a larger related study and were not chosen based on theoretical associations with speech prosody.
Methods

Participants
The sample consisted of undergraduate students enrolled in classes offered by the Psychology Department of a large U.S. university who received academic credit in return for participation. A large number of potential participants were initially screened with an online administration of the SPQ (N > 2,000). Participants were then selectively invited to the inperson speech prosody assessment based on their total SPQ score from the screening, with an attempt to recruit a wide range of SPQ total scores. Following recruitment efforts, 44 individuals agreed to participate, whose in-person re-administration of the SPQ resulted in the desired wide continuous range of total scores (mean = 16.86; SD = 14.51; range = 0 to 48; sample was 50% male; mean age = 20.00 years; SD = 4.83; range = 18 to 47). Eight participants (4 males and 4 females) met diagnostic criteria for schizotypal personality disorder based on the Structured Clinical Interview for DSM-IV Axis II Disorders (First et al., 1997) . These eight participants had a notably higher mean SPQ total score than the total sample (mean = 33.50; SD = 11.40; range = 20 to 48). All participants denied a personal or family history of schizophrenia or schizoaffective disorder.
Measures
Schizotypal Personality Questionnaire (SPQ; Raine et al., 1991)-The SPQ is a 74-item self-report measure of schizotypal features, which yields a total score along with nine subscales: Ideas of Reference, Magical Thinking, Unusual Perceptual Experiences, Suspiciousness, Social Anxiety, No Close Friends, Constricted Affect, Odd Behavior, and Odd Speech.
Physical Anhedonia Scale (PAS; Chapman & Chapman, 1978)-The Physical
Anhedonia scale is a 61 item self-report (true/false) measure that assesses deficits in the ability to experience pleasure derived from sensory and aesthetic stimuli (e.g., food, environment). The PAS has been shown to be both reliable and valid (Chapman & Chapman, 1978) , and detect the physical components of anhedonia independent of state anxiety and depression (Bailey et al., 1993) .
Revised Social Anhedonia Scale (SAS; Chapman et al., 1976; Eckblad et al., 1982)-
The SAS is 40-item true/false measure assessing the ability to experience pleasure from interpersonal interactions. The SAS has shown good reliability, appears to be relatively independent of other measures of psychosis-proneness (including the PAS), and identifies individuals exhibiting significant social maladjustment (Chapman et al., 1985; Merritt et al., 1993) .
Portions of the Wechsler Memory Scales -3 rd Edition (WMS-III; Wechsler, 1997)-Three subtests from the WMS-III were administered: Logical Memory (Parts I and II; used combined total score) for assessing verbal declarative memory; Letter-Number Sequencing for assessing verbal working memory; and Symbol Span for assessing visual working memory.
Procedures
The study was approved by the university's Institutional Review Board. Participants provided informed consent and completed the self-report scales (SPQ, PAS, and SAS) and the three WMS-III subscales. Speech samples were obtained from autobiographical narrative prompts (Autobiographical Memory Questionnaire; Rubin et al., 2003) , which was administered as part of a larger study (Deptula & Bedwell, unpublished data) . Autobiographical memories (AMs) were elicited by employing 15 cue words, each prompting the first AM that comes to mind. Participants orally reported each memory into a digital audio recorder, in as much detail to sufficiently "tell a story." Participants were encouraged to take as much time as necessary.
Speech Sample Processing
The digital audio recordings were first spliced to reduce any pauses in speech greater than 5 s, to be approximately 50 ms, as there were often long pauses in between cue words in the AM task. Following the splicing, the first 100 s of the resulting speech files were analyzed consistent with prior studies of acoustic analysis of speech in samples of individuals with schizotypy (Cohen et al., 2009; Cohen et al., 2011; Cohen et al., 2012a) . Only two participants had less than 100 s of speech in the resulting speech file (69.1 and 79.5 s respectively), and were retained in the analyses. The digitized recordings were analyzed using Praat (Boersma et al., 2006) , a program that has been used extensively in acoustic analysis. The Praat system organizes sound files into "frames" for analysis, which for the present study was set at a rate of 100 per second. During each of these frames, frequency and volume was quantified. Four particular indices of speech characteristics of interest were chosen for analysis: 1) mean number of utterances > 150 ms (an index of speech production), 2) number of pauses (> 10 ms); 3) intonation -defined as the variability in the "pitch" of speech, calculated as the average of standard deviations of the fundamental frequency computed separately from each utterance (i.e., lower values represent more monotone speech), and 4) variability in volume of speech, calculated as the average of standard deviations of the volume computed separately from each utterance (i.e., lower values represent more monotone speech). The first two variables were chosen to represent the production of speech (tapping into the negative symptom construct of "alogia"), while the second two variables were chosen to represent two different aspects of blunted or monotone speech (variability of fundamental frequency and volume).
Results
Descriptive statistics by sex for all features of schizotypy and speech variables are listed in Table 1 . As noted in Table 1 , there were sex differences for only two of the 11 features of schizotypy, as males had higher scores on the SPQ subscale of Constricted Affect and the SAS. For the speech variables, the only significant difference was that females had greater variability in intonation than males. Age was not related to any of the schizotypy or speech variables (all p's < .49). Pearson correlations of the four speech variables revealed relative independence of each measure across the sample (all r's < .62). See Table 2 for intercorrelations of all measures included in the study within each sex.
As a result of main effects of sex, along with previous research suggesting interactions of sex and schizotypy on a range of neurocognitive variables, all analyses were conducted separately within each sex. Consistent with the dimensional model of schizotypy (Nelson et al., 2013; Schurhoff et al., 2007) , stepwise regressions were conducted to examine which of 11 schizotypal features (the nine SPQ subscales along with the total scores from SAS and PAS) account for the most unique variance in relation to each of the four speech variables of interest.
In the male participants (N = 22), for number of utterances, there was a positive relationship with Suspiciousness, β = .54, t(20) = 2.90, p = .009, adjusted R 2 = .26. For number of pauses, there was a positive relationship with Odd Behavior, β = .56, t(20) = 3.03, p = .007, adjusted R 2 = .28 (see Figure 1 ). For variability of pitch, there was a negative relationship with Ideas of Reference, β = −.50, t(20) = 2.57, p = .02, adjusted R 2 = .21 (see Figure 2 ). For variability of intensity, there was a similar negative relationship with Ideas of Reference, β = −.47, t(20) = 2.41, p = .03, adjusted R 2 = .19. All of these relationships remained statistically significant after controlling for the percentage of time in silence (using partial correlations), suggesting that these relationships were relatively independent of the overall amount of speech produced.
In the female participants (N = 22), no features of schizotypy entered the model for any of the four speech variables.
Interestingly, as can be seen in Table 2 , there were no significant correlations between selfreported Constricted Affect from the SPQ with any of the speech variables within either sex.
Examination of the relationships between the three subscales of the WMS-III and the speech variables (see Table 2 ) revealed that males showed a negative relationship between Letter-Number Sequencing and the variability in pitch from the speech sample. When covarying for Letter-Number Sequencing performance on the relationship between variability in pitch and the Ideas of Reference scale in the male participants, the relationship remained statistically significant, r(19) = -.49, p = .03, suggesting that this relationship was not substantially accounted for by variability in verbal working memory. There were no significant relationships between the cognitive and speech variables in female participants.
Discussion
Our hypothesis was partially supported as we found that the relationships between features of schizotypy and speech variables were limited to male participants. This is consistent with a previous study which found that flat affect was more common in males with schizophrenia (Gur et al., 2006) , and consistent with an emerging body of literature suggesting that neurocognitive abnormalities in schizotypy often show interactions with sex (Bedwell et al., 2011; Johnston et al., 2008; Krabbendam et al., 2005; Lubow et al., 2002; Sumich et al., 2008) . However, contrary to our hypothesis, the male participants who produced reduced variability in pitch and volume reported higher scores on Ideas of Reference, which is a positive, rather than negative, feature. In addition, we found additional relationships in only the male participants, as Suspiciousness was positively related to the number of utterances, and Odd Behavior was positively related to number of pauses. In the female participants, there was no relationship between any feature of schizotypy and any of the speech variables.
In addition to the finding that females with schizophrenia are less likely to show flat affect than males with schizophrenia (Gur et al. 2006) , females are also likely to show reduced severity of negative symptoms in general, and have a later age of onset, better premorbid functioning, and greater affective and positive symptoms (reviewed by Mendrek & Stip, 2011) . A similar pattern of females showing less negative features and greater positive features has also been reported in schizotypy (Bora et al., 2009; Fonseca-Pedrero et al., 2012; Miller et al., 1995; Raine, 1992) . A recent review of the literature explored the theory that estrogen may play a protective role in the schizophrenia in females, which may explain why females tend to have a later age of onset, better premorbid functioning, and reduced negative symptoms; however, does not account for the increased positive symptoms (Begemann et al., 2012) . This meta-analysis found that supplementation of estrogens in females with schizophrenia reduced both negative and positive symptoms (Begemann et al., 2012) . This raises the interesting possibility that the higher level of naturally-occuring estrogens in females with schizophrenia or schizotypy, may explain the reduced severity of some negative symptoms such as reduced speech prosody, as compared with males.
This schizotypy by sex interaction may explain why three previous studies did not find speech prosody differences related to overall schizotypy, as none of those studies examined potential interactions with sex (Cohen et al., 2009; Cohen et al., 2011; Cohen et al., 2012a) .
In addition, only one of those previous studies examined the dimensional relationship of specific features of schizotypy with speech variables (Cohen et al., 2011) . Although that study did not examine sex interactions, the finding of increased speech production related to SPQ Suspiciousness was consistent with findings in the current study, as, at least in our male participants, we found that Suspiciousness was related to an increase in the number of utterances. However, contrary to that study, the self-reported Constricted Affect scale was not related to objective measures of speech prosody in either males or females in our sample. One explanation for the lack of consistency across our subjective and objective assessment is that vocal prosody only reflects a single component assessed by the broader SPQ Constricted Affect subscale. In addition, participants may lack sufficient selfawareness of vocal prosody.
We found a negative relationship between a measure of verbal working memory (Letter-Number Sequencing) and variability of pitch across all male participants, while no cognitive measures related to speech variables in female participants. As we did not have a basis for a specific hypothesis with these exploratory correlations, this relationship remains preliminary and in need of replication. However, this measure of verbal working memory did not account for significant variance in the relationship between the SPQ Ideas of Reference subscale and variability of pitch in the male participants.
The study was limited to college students; therefore, findings may not generalize to the larger population. In addition, we had a limited sample size within each sex. However, we did have an equal number of males and females (N = 22 of each), which makes it unlikely that reduced statistical power was primarily responsible for the observed difference in findings within each sex. Finally, the speech samples were collected from autobiographical narrative prompts, which may bias the findings, particularly as autobiographical memory has been shown to be impaired in some individuals with schizophrenia (reviewed in Watson et al., 2012) .
Overall, this study was novel in that it appears to be the first study to examine specific features of schizotypy and the interactions with sex in relation to objectively-assessed speech prosody measures. The primary finding that these relationships were limited to the male participants may explain the lack of overall findings in speech prosody studies examining schizotypy to date. These preliminary findings suggest the need to examine schizotypy by sex interactions when examining speech prosody, and along with past studies, suggest that schizotypy by sex interactions should be routinely examined for any neurocognitive measure in schizotypy. Sex interactions are also rarely examined in studies of neurocognition in schizophrenia samples, and future studies on these clinical populations may be better informed by examination of potential sex interactions as well. As diminished expressivity is associated with a lower quality of life and worse outcome in schizophrenia (Gur et al., 2006; Hoekert et al., 2007) , further knowledge of particular features of diminished expressivity and sex interactions will inform both assessment and treatment efforts.
Conclusions
The relationships between dimensional features of schizotypy and abnormal aspects of speech prosody appear to be limited to male participants, as no significant relationships were found in the female participants. In male participants, variability of pitch and variability of intensity were each negatively related to an Ideas of Reference subscale, while Suspiciousness was related to a greater number of utterances, and Odd Behavior was related to a greater number of pauses. 
